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BASIC-ABSTRACT: 

An oxide consists of formula (CeO2)l-x(Ln01.5)x-y(Ga01.5)y. Where, Ln = one or 
more elements selected from trivalent rare earth elements except Ce; x = 
greater than 0 and less than or equal to 0.4; y = greater than 0 and less than 
0.05. 

Also claimed is that the production of a ceria-based oxide conqjrises: (a) 
sintering a mixed powder of Ce02, Ln203, and Ga203 at 1400-1600 deg. C; (b) 
obtaining the oxide described above. 

Also claimed is that an oxide ion conductor consists of the oxide described 
above. 

Also claimed is that a solid electrolytic fuel cell uses the oxide ion 
conductor as its electrolyte. 

USE - The oxide ion conductor finds its applications in an electrolytic 
material for the solid electrolytic fiiel cell, an oxygen sensor, an oxygen 
pun^. 

ADVANTAGE - Adding a small amount of the oxide to the solid phase reaction 
system of the ceria-based oxide dramatically accelerates grain growth. The 
result yields a sintered body even under mild conditions using the reduced 
sintering tenp. The oxide has sufficiently good ion conductivity as the 
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electrolyte for the solid electrolytic fUel cell at low temps., 900 deg. C or 
below, preferably, 850 /oC or below, more preferably, 800 deg. C or below. 
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Tffl^cOHftHWJ^i: LX. ifi^aS&m«>TlM.. !|t 

m(7)Ut':>X'S)^nM(^mSJ^<n{S&itlzMlX. -fe 
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m<D-t 0 Tmm^mm<7)mmizmix^i^ 
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T, i?4L<{4850°COT> J: L<{4800°CJaT) 
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30 [gg^^Sli^tl.^v:a60#g] tES3|t<7)-try 
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40 /i. 
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e 02)1-1 (LnOi.s)x-y(GaOi.6)yT'a$iXi.B?'(l: 
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<«i:Y, La, Pr, Nd, SmatXGd*»^.^:Sef) 
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mmi%i>zt mmt^^v rmimmmij 
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mm 
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mmmizx o , mm^ ^ymmB^^-riyiot 
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mm mm^:^ymn,m m 

m m ^ii^(8oo-c) 

SUSMl (Ce02)o.8(SmOi.5)o.i9(GaOi.5)o 
2.81/xiii 6.86g/ci!t3 7.88X10-2s/cm 
^M2 (Ce02)o.8(SmOi.5)o.i9(GaOi.5)o.oi 1500 

9.62/iin e.93s/ctt> 8.69X10-2S/cin 
IISISM3 (Ce02)o.8(SmOi.5)o.i9(GaOi.5)o.oi 1600 

19.77xzin 6.66g/c# 8.42x10-2S/cid 
^^?l|4 (Ce02)o.8(SmOi. 5)0. i98(GaOi. 5)0.002 1500 

11.46A£ni 6.96g/cij? 9.06X10-2S/aD 
Il{fe0!l5 (Ce02)o.8(SmOi. 5)0. i95(GaOi. 5)0.005 1500 

11.39xim 6.99g/cffiP 8.96X10-2S/an 
IISftMS {Ce02)o.8(GdOi.5)o.i9(GaOi.5)o.oi 1500 

6.61//m 7.06g/ctf 8.42Xl0-2S/cm 
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5.42/xin 7.02g/ciii3 8.92X10-2S/CD 
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11.82x/m 6.%g/ctf 8.41X10-2S/CIB 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General-formula (1): (Ce02) The oxide expressed with 1-x (Ln01.5) x-y(Ga01.5) y 
[Ln(s) are one sort or two sorts or more of elements chosen from trivalent rare earth elements 
other than Ce, and are 0< x<=0.4 and 0< y<0.05]. 

[Claim 2] The oxide according to claim 1 which are one sort or two sorts or more of elements 
chosen from the group which Ln becomes from Y, La, Pr, Nd, Sm, and Gd. 
[Claim 3] The oxide according to claim 1 or 2 whose crystal structure is a fluorite mold. 
[Claim 4] The oxide according to claim 1 to 3 whose conductivity in 1000 degrees C is 
0.15S/cm or more. 

[Claim 5] The oxide according to claim 1 to 4 whose conductivity in 800 degrees C is 
0.075S/cm or more. 

[Claim 6] The oxide according to claim 1 to 5 whose absolute gravity in 25 degrees C is 6.6-7. 
[Claim 7] The oxide according to claim 1 to 6 whose relative density is 97% or more. 
[Claim 8] The oxide according to claim 1 to 7 whose mean particle diameter is 2 micrometers 
or more. 

[Claim 9] The manufacture approach of the Seria system oxide characterized by making 
Ce02, Ln 203, and the mixed powder of Ga203 sinter at 1400-1600 degrees C, and obtaining 
an oxide according to claim 1 to 8. 

[Claim 10] The manufacture approach of the Seria system oxide characterized by making the 
powder ground and obtained after calcining Ce02, Ln 203, and the mixed powder of Ga203 
at 1000-1300 degrees C sinter at 1400-1600 degrees C, and obtaining an oxide according to 
claim 1 to 8. 

[Claim 11] The oxide ion conductor which consists of an oxide according to claim 1 to 8. 
[Claim 12] The solid oxide fuel cell which uses an oxide ion conductor according to claim 1 1 as 
an electrolyte. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
daunages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the new Seria system oxide useful as an oxide 
ion conductor, and its manufacture approach especially about a new oxide and its manufacture 
approach. 

[0002] This invention relates to the solid oxide fuel cell which uses an oxide ion conductor 
useful as an electrolyte ingredient for a solid oxide fuel cell, an oxygen sensor, oxygen 
pumping, etc., and this oxide ion conductor as an electrolyte in detail about an oxide ion 
conductor and a solid oxide fuel cell. 
[0003] 

[Description of the Prior Art] The Seria system multiple oxide which uses trivalent rare earth 
elements other than Ce and Ce (for example, Sm) as a configuration element (cation) attracts 
attention in recent years as electrolyte ingredients a solid oxide fuel cell, an oxygen sensor, for 
oxygen pumping, etc. for the outstanding oxide ion electric conduction property. It is expected 
to low-temperature-izing of the operating temperature of the cell which is one of the important 
technical problems for putting a solid oxide fuel cell in practical use especially that the 
outstanding electric conduction property which the Seria system multiple oxide has is effective. 

[0004] However, generally the conventional Seria system multiple oxide had the low degree of 
sintering, and when this was manufactured by solid phase reaction, the raw material needed to 
be calcinated at the high temperature of near 1600 degree C, problems, such as a fall of the 
sintered compact purity by the jump of the cost which baking takes, and advance of the side 
reaction at the time of solid phase reaction, arose according to burning temperature being 
high, and it had become a serious failure over utilization of the Seria system multiple oxide. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the new Seria 
system oxide which can be manufactured under milder conditions, without conquering the fault 
at the time of manufacture of such a conventional Seria system multiple oxide, and reducing 
the property as the oxide ion conductor. This invention aims at offering the approach of 
manufacturing the new Seria system oxide useful as an oxide ion conductor under mild 
conditions. 

[0006] This invention aims at offering the oxide ion conductor in which oxide ion conductivity 
also with also whenever [ low-temperature / comparatively high ] (for example, 900 degrees C 
or less, preferably 850 degrees C or less, more preferably 800 degrees C or less) is shown. 
This invention aims also whenever [ low-temperature ] (for example, 900 degrees C or less, 
preferably 850 degrees C or less, more preferably 800 degrees C or less) at offering the solid 
oxide fuel cell which can be operated effectively comparatively. 
[0007] 
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[Means for Solving the Problem] this invention person has an oxide ion electric conduction 
property more than the conventional Seria system multiple oxide and an EQC. The result of 
having repeated examination wholeheartedly in order to develop the approach of 
manufacturing an oxide useful as an oxide ion conductor under milder conditions, To the Seria 
system oxide which uses trivalent rare earth elements other than Ce and Ce as a configuration 
element (cation), by adding Ga of the amount of specification as a configuration element 
(cation) further It can manufacture under milder conditions and, moreover, the oxide obtained 
came to complete a header and this invention for having a property good as an oxide ion 
conductor. 

[0008] That is, this invention relates to the oxide expressed with general formula (1 ):(Ce02)1-x 
(Ln01.5) x-y(Ga01 .5) y. Ln is one sort chosen from trivalent rare earth elements other than Ce 
(group which consists of Y, La, Pr, Nd, Sm, and Gd preferably), or two sorts or more, x is a 
value with which are satisfied of 0< x<=0.4. y is a value with which are satisfied of 0< y<0.05. 
[0009] This invention relates to the manufacture approach of the Seria system oxide 
characterized by making Ce02, Ln 203, and the mixed powder of Ga203 sinter at 1400-1600 
degrees C, and obtaining said one of oxides. This invention relates to the manufacture 
approach of the Seria system oxide characterized by making the powder ground and obtained 
sinter at 1400-1600 degrees C, and obtaining said one of oxides, after calcining Ce02, Ln 
203, and the mixed powder of Ga203 at 1000-1300 degrees C. 

[0010] This invention is in the oxide ion conductor which consists of said one of oxides. This 
invention relates to the solid oxide fuel cell which uses the aforementioned oxide ion conductor 
as an electrolyte. 
[0011] 

[Embodiment of the Invention] The multiple oxide which uses the oxide (oxide ionic conductor) 
Ce of this invention and trivalent rare earth elements other than Ce (Ln) as a configuration 
element (cation), i.e., the oxide which permuted a part of Ce in Seria by trivalent rare earth 
elements other than Ce (Ln), has the crystal structure of the fluorite mold equivalent to the 
crystal structure which the oxygen defect produced in the crystal structure of Seria, and it is 
considered that an operation of this oxygen defect shows oxide ion conductivity. 
[0012] As trivalent rare earth elements other than Ce (Ln), there are one sort chosen from the 
group which consists of Sc, Y, La, lanthanides (Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 
Lu, etc.), Ac, etc., or two sorts or more of trivalent rare earth elements, for example. With the 
gestalt of desirable operation, one sort chosen from the group which consists of Y, La, Pr, Nd, 
Sm, and Gd as trivalent rare earth elements other than Ce (Ln), or two sorts or more are used. 
[0013] It takes further especially preferably or less for 0.23 0.25 or less especially preferably 
0.27 or less still still more preferably more preferably [ the upper limit of the value of x in the 
general formula (1 ) equivalent to the substitutional rate of Ce by the rare earth element (Ln) 
trivalent / other than Ce to Seria / is / 0.4 or less / 0.3 or less / more desirable preferably, and / 
0.299 or less / 0.29 or less ]. the value to which the minimum of the value of x exceeds 0 - it 
takes or more for 0.15 further especially 0.1 or more especially 0.05 or more still more 
preferably 0.01 or more more preferably 0.001 or more. When the value of x exceeds 0.4, 
there is an inclination for conductivity to fall rapidly. 

[0014] It is thought that the oxide of this invention which is the multiple oxide which uses 
trivalent rare earth elements other than Ce and Ce (Ln) and Ga as a configuration element 
(cation) carries out the operation to which Ga raises a grain growth rate in case the precise 
Seria system multiple oxide is formed of the sintering reaction which advances to solid phase 
reaction and coincidence in case it manufactures according to solid phase reaction for 
example, from raw material mixing powder 

[001 5] The upper limit of the value of y in the general formula (1 ) equivalent to the 
substitutional rate of Ce by Ga to Seria is especially made or less into 0.02 preferably 0.03 or 
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less still more preferably 0.04 or less more preferably 0.049 or less less than 0.05. the value to 
which the minimum of the value of y exceeds 0 - it takes still more preferably or more for 0.07 
0.004 or more more preferably 0.001 or more. Side reaction with trivalent rare earth elements 
other than Ga and Ce (Ln) advances that the value of y is 0.05 or more at the time of 
manufacture, an impurity (for example, garnet mold compound expressed with Ga5Ln 3012) 
phase generates, and the crystal structure does not serve as a single phase of a fluorite mold, 
but grain growth is controlled as a result, and there is an inclination for conductivity to fall. 
[0016] The oxide of this invention is useful as an oxide ion conductor. The oxide of this 
invention which is [ cm ] 0.2 or more S/cm more preferably 0.18 or more S/cm 0.1 5S /or more 
especially specifically has the useful conductivity in 1000 degrees C as an electrolyte 
ingredient of a solid oxide fuel cell as an oxide ion conductor. 

[0017] It is preferably specifically useful [ the conductivity in 800 degrees C / the oxide of this 
invention which is 0.09S/cm or more still more preferably ] 0.085 or more S/cm as an oxide ion 
conductor more preferably 0.08 or more S/cm 0.075 or more S/cm especially as an electrolyte 
ingredient of the solid oxide fuel cell comparatively operated by whenever [ low-temperature ] 
(for example, 900 degrees C or less, preferably 850 degrees C or less, more preferably 800 
degrees C or less). 

[0018] The oxide of this invention which is 6.98 or less more preferably 6.99 or less seven or 
less has the inclination for the absolute gravity (25 degrees C) by the Archimedes method to 
be 6.8 or more more preferably 6.7 or more 6.6 or more, and for conductivity to be high, and is 
useful especially as an oxide ion conductor. 

[0019] The oxide of this invention whose relative density is 97% or more has high 
compactness, and since the permeability of oxygen gas is low, it is useful especially as an 
electrolyte ingredient of a solid oxide fuel cell. Here, relative density is the relative value which 
broke the absolute gravity (25 degrees C) by the Archimedes method by theoretical density 
computed from the lattice constant. 

[0020] The oxide of this invention whose porosity is 5.5 (usually 0.5% or more, 1 more% or 
more, especially 1.5% or more) or less still more preferably 6% or less more preferably 8% or 
less 10% or less has high compactness, and since the permeability of oxygen gas is low, it is 
useful especially as an electrolyte ingredient of a solid oxide fuel cell. 
[0021] Here, porosity can prepare three electron microscope photographs acquired using the 
sample which coated the thin film of the conductive matter (for example, Pt-Pd), after 
performing heat etching to the mirror-polishing finishing front face of the oxide of this invention, 
it can draw a grid on it (the usual number of the lattice points: 357 per photograph), and can 
ask for it by carrying out counting of the lattice point and the intersection of pore, and dividing 
by the whole number of the lattice points. 

[0022] The quality of the compactness of an oxide can be judged by assembling a solid oxide 
fuel cell by using an oxide as an electrolyte ingredient, and measuring open-circuit voltage. For 
example, if the compactness of the oxide used as an electrolyte ingredient is not enough, since 
oxygen and hydrogen will connect too hastily in an electrolyte, theoretical electromotive force 
does not come out. 

[0023] Especially the oxide of this invention which is 8 micrometers or more (usually 30 
micrometers or less, 25 more micrometers or less, especially 20 micrometers or less) still more 
preferably is preferably useful [ mean particle diameter ] 6 micrometers or more as an oxide 
ion conductor more preferably 4 micrometers or more 2 micrometers or more. 
[0024] A mean diameter prepares three electron microscope photographs acquired using the 
sample which coated the thin film of the conductive matter (for example, Pt-Pd) after 
performing heat etching to the mirror-polishing finishing front face of the oxide of this invention 
here. It can ask by drawing the location of arbitration on it, drawing at least ten straight lines 
per photograph with a die length of about 70 micrometers in a direction, measuring at a time 
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one die length to which a straight line crosses a grain, doubling all values 1 .5 and equalizing 
them. 

[0025] The absolute gravity of the oxide of this invention, relative density, porosity, mean 
particle diameter, etc. are controllable by adjusting x in a general formula (1), and the value of 
y again according to the class of trivalent rare earth elements for example, other than Ce (Ln) 
by adjusting manufacture conditions (it being burning temperature etc. when manufacturing 
with a solid reaction method). 

[0026] The oxide of manufacture approach (1) solid-phase-reaction Homoto invention of the 
oxide of this invention can be manufactured based on a solid reaction method. For example, 
the oxide of this invention can be manufactured by carrying out predetermined time baking of 
the raw material mixture which mixed the oxides (for example, carbonate etc.) which can form 
these oxides by the oxide (Ce02, Ln 203, Ga203 grade) of each configuration cation, or 
baking by the predetermined mole ratio so that it might become the presentation with which 
are satisfied of a general formula (1) at predetermined temperature. 

[0027] Before calcinating a mixed raw material, by carrying out predetermined time calcining at 
temperature lower than burning temperature, the oxide of a more uniform presentation can be 
manufactured easily. Raw material mixture can be calcined or calcinated after carrying out 
predetermined time pressing of the powder at predetermined temperature. When calcining raw 
material mixture, it can calcinate, after grinding the raw material mixture which calcined and 
carrying out predetermined time pressing at predetermined temperature. 
[0028] Burning temperature can be preferably made into 1400 degrees C or more, and can 
specifically be preferably made into 1500 degrees C or less 1600 degrees C or less below the 
temperature that is not usually dissolved completely 1300 degrees C or more, for example, 
firing time - for example, it can consider as 15 hours or more more preferably, and is usually 
24 or less hours preferably for 30 or less hours for 10 hours or more for 5 hours or more. 
[0029] Since resistance [ in / in the pore left when there is an inclination which becomes / 
pore / sintering will stop being able to progress easily if burning temperature is low (if lower 
than especially 1300 degrees C when lower than 1400 degrees C), eburnation becomes 
inadequate, and left / tend / by the sintered compact and pore was left by the sintered 
compact / a crystal grain child's grain boundary ] is raised and the conductivity of a sintered 
compact is reduced as a result, it is not desirable. 

[0030] Conversely, if it will be easy to produce intense grain growth if burning temperature is 
high (if higher than especially 1600 degrees C when higher than 1500 degrees C), and there is 
an inclination which becomes [ pore ] is easy to be left behind to a grain boundary so much 
and pore is left behind so much, since the consistency of a sintered compact will fall and the 
conductivity of a sintered compact will fall as a result, it is not desirable. 
[0031] Calcining temperature can be preferably made into 1000 degrees C or more, and can 
usually be preferably made into 1300 degrees C 1400 degrees C or less 900 degrees C or 
more, for example. Calcining time amount can be preferably made into 18 hours or more, can 
usually be preferably made into 36 or less hours for 48 or less hours, and can specifically be 
made into about 24 hours for 1 2 hours or more, for example. 

[0032] If there is an inclination for solid phase reaction to stop being able to go on easily when 
calcining temperature is low (when lower [ than 1000 degrees C ] and lower than especially 
900 degrees C), there is an inclination for sintering to progress too much and for many pores 
to be formed when high (when higher [ than 1400 degrees C ] and higher than especially 1300 
degrees C), and many pores are formed, since it will become easy to cause decline in the 
conductivity of a sintered compact as a result, it is not desirable. 

[0033] Especially the pressing approach of raw material mixture or the raw material mixture 
calcined and ground can use a well-known approach, without limiting, can be fabricated by the 
pressure of 500 - 1500 Kgf/cm2 by the die press, and can be further fabricated by the about 
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two 2000 - 3000 Kgf/cm pressure with the method hydrostatic-pressure press of ** if needed. 
[0034] (2) The oxide of thin film forming method this invention can be manufactured as a thin 
film by the well-known approach for depositing a metallic-oxide thin film from a gaseous phase. 
The thin film of the oxide of this invention can be manufactured by the thin film forming 
methods, such as CVD methods, such as PVD, such as vacuum evaporation technique, a 
spatter, and the ion plating method, a heat CVD method, a plasma-CVD method, and a laser 
CVD method, and a spraying process. 

[0035] By using the oxide ion conductor which consists of an oxide of solid oxide fuel cell this 
invention as an electrolyte of a solid oxide fuel cell, the solid oxide fuel cell which can be 
operated also in a comparatively low temperature requirement can be offered. 
[0036] A solid oxide fuel cell uses as main components the electrode (an anode and cathode) 
installed so that an electrolyte and an electrolyte may be contacted. By supplying a fuel (for 
example, hydrogen, natural gas, a methanol, coal gas) to an electrolytic anode side, and 
supplying air (oxygen) to a cathode side The oxygen supplied to the cathode side receives an 
electron from a cathode, and serves as oxide ion, this oxide ion diffuses the inside of an 
electrolyte, and reaches an anode side, and it reacts with the fuel supplied to the anode side. 
At this time, an electron separates from oxide ion, it passes along the load of an external 
circuit, and a cathode is reached. 

[0037] It has the structure which formed the anode layer in one side of both sides of the 
cylindrical solid oxide fuel cell which has the structure where carried out sequential formation 
and the laminating of a cathode layer, an electrolyte layer, and the anode layer was carried out 
on the cylinder side of a cylinder-like hanger tube, and a plate-like electrolyte layer, and formed 
the cathode layer in another side as a solid oxide fuel cell, for example, and there is a 
monotonous mold solid oxide fuel cell which constitutes and uses the stack which carried out 
the laminating one by one through the separator. The oxide ion conductor of this invention can 
be used also as an electrolyte of the solid oxide fuel cell of which format. 
[0038] The thickness of an electrolyte layer takes into consideration the conductivity of the 
property required of a solid oxide fuel cell, the mechanical strength required of an electrolyte 
layer, and the oxide ion conductor used as an electrolyte etc. Although it can select suitably 
and there is especially no limitation, generally 1mm or less, It can be referred to as 100 
micrometers or less still more preferably, and 5 micrometers [ 10 micrometers or more / 30 
micrometers or more ] or more 500 micrometers or less 200 micrometers or less can usually 
be more preferably set to 50 micrometers or more still more preferably. 
[0039] The electrolyte layer which consists of an oxide ion conductor of this invention can be 
formed with the sheet forming sintering process which is the conventional ceramic process, 
and can be formed on the porosity substrate of gas permeability by the thin film forming 
methods, such as PVD, a CVD method, or a spraying process. Since the oxide (oxide ion 
conductor) of this invention can be comparatively manufactured also with the sintering process 
of whenever [ low-temperature ] (for example, 1600 degrees C or less, especially 1500 
degrees C or less), it can manufacture with a co-sintering method with an electrode material 
etc. 

[0040] As an anode and a cathode, it is the porous body of about 30% of porosity, and a stable 
electronic conduction nature ingredient can be used in a fuel and air, respectively, for example. 
By using a porous body as an electrode, a reaction place can be enlarged by being able to 
make it react by the three-phase-circuit interface of an electrolyte / electrode / gaseous phase 
(a fuel, air), and enlarging area of a three-phase-circuit interface. 
[0041] As an anode, the composite material (nickel-YSZ cermet) of nickel and the 20Y3 
stabilization Zr02 can be used, for example. As a cathode, the ingredient of MnO(LaSr)3 
system can be used, for example. 
[0042] 
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[Effect of the Invention] Since grain growth is remarkably promoted in case it manufactures 
according to solid phase reaction by carrying out little addition of the oxide which becomes the 
solid-phase-reaction system of Seria system oxide from a trivalent gallium (Ga3+) as the 3rd 
component cation, the oxide of this invention can obtain a precise sintered compact also on 
the mild conditions which reduced burning temperature. 

[0043] Comparatively, also in low temperature (for example, 900 degrees C or less, preferably 
850 degrees C or less, more preferably 800 degrees C or less), since the oxide of this 
invention has the ion electric conduction property good enough as an electrolyte of a solid 
oxide fuel cell It is useful as an electrolyte of the solid oxide fuel cell which can be 
comparatively operated to whenever [ low-temperature ] (for example, 900 degrees C or less, 
preferably 850 degrees C or less, more preferably 800 degrees C or less), and gets tired of 
being utilizing as an oxygen sensor and oxygen pumping. 
[0044] 

[Example] Hereafter, although this invention is further explained to a detail using an example, 
this invention is not limited to these. 

[0045] Weighing capacity was carried out and the powder of Ln:Sm, y:0.002 to 0.01 , example 
1-5 [burning-temperature: 1400-1 600 degree-C] Ce02 (the Shin-Etsu Chemical Co., Ltd. make, 
99.99% of purity), Sm203 (the Shin-Etsu Chemical Co., Ltd. make, 99.9% of purity), and 
Ga203 (the Kojundo Chemical Laboratory make, 99.99% of purity) was mixed so that it might 
become the presentation of Table 1. After carrying out preferential grinding of the obtained raw 
material mixture with the ball mill in ethanol for 24 hours and removing ethanol, it dried at 100 
degrees C. 

[0046] after moving the obtained raw material mixing powder to a crucible and calcining at 
1000 degrees C among the electric furnace of an air ambient atmosphere for 18 hours - 
grinding - pressing (500 kgf/cm2) - reaching - etc. - the baking prefabrication object was 
acquired with a direction hydrostatic-pressure press (3000 kgf/cm2). The sintered compact 
(oxide of this invention) was obtained by calcinating the acquired baking prefabrication object 
for 24 hours with the burning temperature shown in Table 1 . 

[0047] The obtained sintered compact was identified by powder X diffraction measurement. 
About the sintered compact (examples 2, 4, and 5) calcinated and obtained at 1500 degrees 
C, the result (chart) of powder X diffraction measurement is shown in drawing 1 . 
[0048] After performing heat etching at temperature lower 100 degrees C than burning 
temperature after carrying out mirror polishing of the front face of the obtained sintered 
compact, mean particle diameter was measured from the scanning electron microscope (SEM) 
photograph of the sample obtained by performing Pt-Pd coating. A result is shown in Table 1. 
About the sintered compact (examples 1-3) of y:0.01 , the relation between burning 
temperature and mean particle diameter is shown in drawing 2 . About the sintered compact 
(examples 2, 4, and 5) calcinated and obtained at 1500 degrees C, the relation between the 
value of y and mean particle diameter is shown in drawing 3 . The scanning electron 
microscope (SEM) photograph of the sintered compact obtained in the example 2 is shown in 
a reference photograph. 

[0049] the consistency of the obtained sintered compact - Archimedes - it asked by law. A 
result is shown in Table 1 . About the sintered compact (examples 2, 4, and 5) calcinated and 
obtained at 1500 degrees C, the relation between the value of y and a consistency is shown in 
drawing 4 . 

[0050] In 800 degrees C, conductivity was measured using the sample produced by carrying 
out grinding of the obtained sintered compact, twisting four platinum wires around the 
3mmx3mmx20mm rectangular parallelepiped sample obtained by giving surface polish, being 
burned for 30 minutes In 1000 degrees C after applying a platinum paste and fixing, and 
processing among air by the direct-current 4 terminal method. A result is shown in Table 1 . 
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About the sintered compact (examples 2, 4, and 5) calcinated and obtained at 1500 degrees 

C, the relation between the value of y and conductivity is shown in drawing 5 . 

[0051] Replaced with Ln:Gd, y:0.01, and example 6 [burning-temperature: 1500 degree-C] 

Sm203 powder, and Gd 203 (the Shin-Etsu Chemical Co., Ltd. make, 99.9% of purity) was 

used, and also it was made to be the same as that of an example 2. A result is shown in Table 

1. 

[0052] Replaced with Ln:Y, y:0.01, and example 7 [burning-temperature: 1500 degree-C] 
Sm203 powder, and Y203 (the Japan yttrium incorporated company make, 99.9% of purity) 
powder was used, and also it was made to be the same as that of an example 2. A result is 
shown in Table 1 . 

[0053] The raw material mixture which carried out weighing capacity and mixed the powder of 
Ln:Sm, y:0.05, example of comparison 1 [burning-temperature: 1500 degree-C] Ce02 (the 
Shin-Etsu Chemical Co., Ltd. make, 99.99% of purity), Sm203 (the Shin-Etsu Chemical Co., 
Ltd. make, 99.9% of purity), and Ga203 (the Kojundo Chemical Laboratory make, 99.99% of 
purity) so that it might become the presentation of Table 1 was used, and also it was made to 
be the same as that of an example 2. A result is shown in table 1 list at drawing 1 , drawing 3 , 
drawing 4 , and drawing 5 . In drawino 1 , the diffraction peak considered to belong to Ga5Sm 
3012 appears about the sintered compact of the example 1 of a comparison. 
[0054] Used the raw material mixture which carried out weighing capacity and mixed Ln:Sm, 
y:0, example of comparison 2-4 [burning-temperature: 1500-1 700 degree-C] Ce02 (the Shin- 
Etsu Chemical Co., Ltd. make, 99.99% of purity), and the powder of Sm203 (the Shin-Etsu 
Chemical Co., Ltd. make, 99.9% of purity) so that it might become the presentation of Table 1 , 
and burning temperature was made into 1500-1700 degrees C, and also it was made to be the 
same as that of examples 1 -5. A result is shown in Table 1 , drawing 1 -5, and a reference 
photograph. 

[0055] Used the raw material mixture which carried out weighing capacity and mixed Ln:Gd, 
y:0, example of comparison 5 and 6 [burning-temperature: 1500-1600 degree-C] Ce02 (the 
Shin-Etsu Chemical Co., Ltd. make, 99.99% of purity), and the powder of Gd203 (the Shin- 
Etsu Chemical Co., Ltd. make, 99.9% of purity) so that It might become the presentation of 
Table 1, and burning temperature was made into 1500-1700 degrees C, and also it was made 
to be the same as that of examples 1 -5. A result is shown in Table 1 . 
[0056] 
[Table 1] 

An oxide (oxide ion conductor) presentation Burning temperature Mean particle diameter 
Dense Whenever Conductivity (800 degrees C) (degree C) Example 1 (Ce02) 0.8 (Sm01.5) 
0.19 (Ga01.5) 0.01 1400 2.81 micrometers 6.86 g/cm3 7.88x10-2 S/cm Example 2 (Ce02) 0.8 
(Sm01.5) 0.19 (Ga01.5) 0.01 1500 9.62 micrometers 6.93 g/cm3 8.69x10-2 S/cm Example 3 
(Ce02) 0.8 (Sm01.5) 0.19 (Ga01.5) 0.01 1600 19.77 micrometers 6.66 g/cm3 8.42x10-2 
S/cm Example 4 (Ce02) 0.8 (Sm01.5) 0.198 (Ga01.5) 0.002 1500 11.46 micrometers 6.96 
g/cm3 9.06x10-2 S/cm Example 5 (Ce02) 0.8 (Sm01.5) 0.195 (Ga01.5) 0.005 1500 11.39 
micrometers 6.99 g/cm3 8.96x10-2 S/cm Example 6 (Ce02) 0.8 (Gd01.5) 0.19 (Ga01.5) 0.01 
15006.61 micrometer 7.06 g/cm3 8.42x10-2 S/cm Example 7 (Ce02) 0.8 (Y01.5) 0.19 
(Ga01.5) 0.011500 5.13 micrometers 6.48 g/cm3 7.12x10-2 S/cm Example 1 of a comparison 
(Ce02) 0.8 (Sm01.5) 0.15 (Ga01.5) 0.05 1500 7.18 micrometers 7.00 g/cm3 7.46x10-2 S/cm 
Example 2 of a comparison (Ce02) 0.8 (Sm01.5) 0.2 1500 2.86 micrometers 6.84 g/cm3 
7.52x10-2 S/cm Example 3 of a comparison (Ce02) 0.8 (Sm01.5) 0.2 1600 5.42 micrometers 
7.02 g/cm3 8.92x10-2 S/cm Example 4 of a comparison (Ce02) 0.8 (SmOl .5) 0.2 1700 1 1 .82 
micrometers 6.96 g/cm3 8.41x10-2 S/cm Example 5 of a comparison (Ce02) 0.8 (GdOl .5) 0.2 
1500 1.79 micrometers 6.79 g/cm3 6.94x10-2 S/cm Example of comparison 6 (Ce02) 0.8 
(GdOl .5) 0.2 1600 4.36 micrometers 6.93 g/cm3 8.62x10-2 S/cm 
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[Translation done.] 
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